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(54) CONTROLLING DEVICE FOR ELECTRIC POWER STEERING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a controlling 
device for an electric power steering device comparing a 
motor electric current estimated value found by 
computing with an actual motor electric current value 
for monitoring an operating condition of a driving system. 
SOLUTION: A motor electric current command value Ir 
(s) as a control target value of a motor output is 
inputted to a feed-forward compensator 51 to be 
inputted to a control object (motor) 50 via an adder 52 
and an addition element 53. A motor electric current 
value Id(s) of the control object 50 can be computed 
according to a predetermined computing equation on the 
basis of the motor electric current command value iKs). 
The computed motor electric current value ld(s) is used 
as a motor electric current estimated value led(s) to be 
compared with the motor electric current value Id(s) 
(actual electric current value i) f and when a difference e 
between them exceeds a previously set value, it is 
determined that a failure occurs in the driving system. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] The control unit of the electric power-steering equipment which controls the output of 
the motor which gives the steering auxiliary force to a steering mechanism based on the steering 
torque generated in a steering shaft at least, and the detected vehicle speed characterized by 
providing the following. A motor current instruction value operation means to calculate the 
motor current instruction value which is a control-objectives value of a motor output based on 
the detected steering torque and the detected vehicle speed. A motor current estimate operation 
means to calculate the estimate of motor current based on the aforementioned motor current 
instruction value. Motor current detection means. A surveillance means to detect failure of a 
drive system based on the difference of the motor current estimate by which the operation was 
carried out [ aforementioned 1, and the detected motor current value. 

[Claim 2] The aforementioned surveillance means is the control unit of the electric 
power-steering equipment according to claim 1 characterized by being a surveillance means to 
judge with failure of a drive system when the difference of the calculated motor current estimate 
and the detected motor current value is over the predetermined allowed value set up beforehand. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the control unit of 

electric power-steering equipment. 

[0002] 

[Description of the Prior Art] The electric power-steering equipment for vehicles detects the 
steering torque and the vehicle speed which are generated in a steering shaft by operation of a 
steering handle, drives a motor based on the detecting signal, and assists the control force of a 
steering handle. Although control of such electromotive power-steering equipment is performed 
by the electronic control circuit, the outline of the control calculates the size of the steering 
torque detected by the torque sensor, and the current supplied to a motor based on the vehicle 
speed detected by the vehicle speed sensor, and controls the current supplied to a motor based on 
the result of an operation. 
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[0003] Namely, when a steering handle is operated and steering torque has occurred, an 
electronic control circuit The steering auxiliary force in which it is big when the detected vehicle 
speed is zero or a low speed is supplied. According to the control force and the vehicle speed of a 
steering handle, the motor current instruction value which is a control-objectives value of a 
motor output is calculated so that the steering auxiliary force in which it is small when the 
detected vehicle speed is quick may be supplied. By performing current feedback control so that 
the difference of the motor current instruction value which is this result of an operation, and the 
actual-current value which actually flows on a motor may become zero, the optimal steering 
auxiliary force according to the run state can be given. 
[0004] 

[Problem(s) to be Solved by the Invention] However, with the control unit of the above-mentioned 
conventional electric power-steering equipment, it is the motor current instruction value Ir. A 
motorised circuit is normal, and since steering torque and the vehicle speed are made into a 
parameter and the rotational speed of a motor is not taken into consideration by the operation, 
****** may also make an incorrect **** judgment on it, if abnormal current is flowing on the 
motor. 

[0005] That is, as shown in drawing 8 , since the counter-electromotive force according to the 
rotational speed of a motor occurs, the actual-current value i which flows to a DC motor has the 
property which will decrease if rotational speed becomes high. 

[0006] On the other hand, it is the motor current instruction value Ir. Since the rotational speed 
of a motor is not taken into consideration, if it is determined based on steering torque and the 
vehicle speed, and the influence of the counter-electromotive force generated by rotation of a 
motor in current feedback control is not compensated, it is the motor current instruction value Ir. 
A difference with the actual-current value i of a motor becomes large, and un-arranging [ which 
makes an incorrect intermediary judgment to abnormal current flowing on the motor ] arises. 
[0007] Moreover, if battery voltage and the property constant of a motor are changed, the control 
characteristic gets worse and it is the motor current instruction value Ir. A difference with the 
actual-current value i of a motor becomes large, and un-arranging [ which makes an incorrect 
intermediary judgment to abnormal current flowing on the motor ] arises. 
[0008] this invention aims at canceling above-mentioned un-arranging. 
[0009] 

[Means for Solving the Problem] This invention is what solves the above-mentioned technical 
problem, invention of a claim 1 In the control unit of the electric power-steering equipment 
which controls the output of the motor which gives the steering auxiliary force to a steering 
mechanism based on the steering torque generated in a steering shaft at least, and the detected 
vehicle speed The detected steering torque and a motor current instruction value operation 
means to calculate the motor current instruction value which is a control-objectives value of a 
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motor output based on the detected vehicle speed, A motor current estimate operation means to 
calculate the estimate of motor current based on the aforementioned motor current instruction 
value, It is the control unit of the electric power-steering equipment characterized by having a 
motor current detection means and a surveillance means to detect failure of a drive system based 
on the difference of the motor current estimate by which the operation was carried out 
[ aforementioned ], and the detected motor current value. 

[0010] And the aforementioned surveillance means is a surveillance means to judge with failure 
of a drive system, when the difference of the calculated motor current estimate and the detected 
motor current value is over the predetermined allowed value set up beforehand. 
[0011] 

[Embodiments of the Invention] Hereafter, the gestalt of implementation of this invention is 
explained. Drawing 1 is drawing explaining the outline of the composition of the electric 
power-steering equipment suitable for carrying out this invention, and the shaft 2 of the steering 
handle 1 is combined with the tie rod 8 of a steering wheel through the slowdown gear 4, 
universal joints 5a and 5b, and the pinion rack mechanism 7. The motor 10 with which the 
torque sensor 3 which detects the steering torque of the steering handle 1 is formed in the shaft 2, 
and a control force is assisted has combined with the shaft 2 through a clutch 9 and the 
slowdown gear 4. 

[0012] As for the electronic control circuit 13 which controls power-steering equipment, power is 
supplied through an ignition key 11 from a battery 14. An electronic control circuit 13 is based on 
the vehicle speed detected by the steering torque detected by the torque sensor 3, and the vehicle 
speed sensor 12, and is the motor current instruction value Ir. Motor current instruction value Ir 
calculated and calculated (henceforth a current instruction value) The current control value E 
which it is based and is supplied to a motor 10 is controlled. 

[0013] A clutch 9 is controlled by the electronic control circuit 13. When the clutch 9 is combined 

by the normal operating state and it is judged as failure of power-steering equipment by the 

electronic control circuit 13, a power supply is separated from OFF at the time of intermediary 
**** 

* 

[0014] Drawing 2 is the block diagram having shown the composition of an electronic control 
circuit 13. In this example, although an electronic control circuit 13 mainly consists of CPUs, it 
has shown the function performed by the program in the interior of the CPU here. For example, 
a phase compensator 21 does not show the phase compensator 21 as independent hardware, and 
shows the phase compensation function performed by CPU. In addition, it cannot be 
overemphasized that an electronic control circuit 13 is not constituted from a CPU, but these 
functional elements can be constituted from hardware (electronic circuitry) which became 
independent, respectively. 

[0015] Hereafter, the function and operation of an electronic control circuit 13 are explained. In 
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order to raise the stability of a steering system by the phase compensator 21, phase 
compensation of the steering torque signal inputted from the torque sensor 3 is carried out, and 
it is inputted into the current instruction value computing element 22. Moreover, the vehicle 
speed detected by the vehicle speed sensor 12 is also inputted into the current instruction value 
computing element 22. 

[0016] The current instruction value computing element 22 is the current instruction value Ir 
which is a control-objectives value of the current supplied to a motor 10 by predetermined 
operation expression based on the parameter of the inputted torque signal, a vehicle speed signal 
and the motor angular- velocity estimate omega, and others. It calculates. 
[0017] 30 is a control section and is the current instruction value Ir. It considers as an input 
signal, the current control value E is acquired, and the motor which is a controlled system is 
driven. For the conventional control section, the actual-current value i which consists of a 
comparator, a derivative compensation machine, a proportionality computing element, and an 
integration-operator machine, and actually flows on a motor is the motor current instruction 
value Ir. Current feedback control is made into the control section to which, as for a control 
section 30, line intermediary **** performs robust control in this invention so that it may be in 
agreement. About this, it will explain in detail later. 

[0018] The current control value E outputted from a control section 30 is supplied to the 
motorised circuit 41, and drives a motor 10. The actual-current value i of a motor 10 is detected 
by the motor current detector 42, and is fed back to a control section 30. 
[0019] An example of the composition of the motorised circuit 41 is shown in drawing 3 . The 
motorised circuit 41 consists of FET gate drive circuit 45 grade which carries out the 
opening-and-closing drive of the gates, such as the transducer 44 and FET1 which carry out 
separation conversion of the current control value E inputted from the control section 30 at a 
PWM signal (PDM signal) and the direction signal of current - FET4, and it. In addition, the 
pressure-up power supply 46 is FET1 and FET2. It is the power supply which drives a high side 
side. 

[0020] A PWM signal is FET (field-effect transistor) switching element FET1 carried out - FET2 
H bridge connection. It is the signal which drives the gate and the duty ratio (time [ to carry out 
ON/OFF of the gate of FET ] ratio) of a PWM signal is determined by the absolute value of the 
current control value E calculated in the control section 30. 

[0021] The direction signal of current is a signal which shows the direction of the current 
supplied to a motor, and is a signal determined by the sign (positive/negative) of the current 
control value E calculated by the control section 30. 

[0022] FET1 FET2 It is the switching element with which ON/OFF of the gate is carried out 
based on the duty ratio of said PWM signal, and is a switching element for controlling the size of 
the current which flows on a motor. Moreover, FET3 FET4 It is the switching element with 
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which it is based on said direction signal of current, and the gate is turned on or turned off 
(another side is set to being turned off when one side is ON), and is the switching element which 
switches the direction of the current which flows on a motor, i.e., a motor rotation direction. 
[0023] FET3 When it is in switch-on, current is FET1, a motor 10, FET3, and resistance Rl. It 
passes, and it flows and the current of the right direction flows on a motor 10. Moreover, FET4 
When it is in switch-on, current is FET2, a motor 10, FET4, and resistance R2. It passes, and it 
flows and the current of the negative direction flows on a motor 10. 

[0024] The motor current detector 42 is resistance Rl. The size of the right direction current is 
detected based on the voltage drop in ends, and it is resistance R2. The size of the negative 
direction current is detected based on the voltage drop in ends. The detected motor 
actual-current value i is fed back and inputted into a control section 30 (refer to drawing 2 ). 
[0025] When a steering handle is operated and steering torque has occurred, the electronic 
control circuit explained above When the vehicle speed by which the detected steering torque 
was large and was detected is zero or a low speed, it is the current instruction value Ir. It sets up 
greatly. When the detected steering torque is small and the detected vehicle speed is quick, it is 
the current instruction value Ir. Since it sets up small, the optimal steering auxiliary force 
according to the run state can be given. 

[0026] Next, although the control section 30 of this invention is explained, the composition of 30f 
of the conventional current feedback control sections is first explained before it. 
[0027] Drawing 4 is the block diagram having shown the composition of the conventional 
feedback control system by the transfer function, in ****** and 23, a proportional element (Kp) 
and 26 show an integral element (Kt/s), 27 shows an adder, and a comparator and 24 are 
constituted [ 30f of feedback control sections ] for a derivative element (KDs) and 25 by the above 
circuit element. Moreover, 29 shows the motor which is a controlled system, 29a is a 
proportionality constant (K) and 29b is a motor element (the internal resistance of a motor and s 
of the inductance of a motor and R are the Laplacian operators, and L shows a motor element by 
l/(Ls+R)). 

[0028] Moreover, by drawing 4 , although counter-electromotive force Ke omega is impressed to 
the input side of a controlled system through the adder 28, this is what showed in equivalent the 
influence of the counter-electromotive force generated by rotation of a motor, and it is shown that 
the counter-electromotive force generated by rotation of a motor appears in the current control 
value of an input side. In addition, Ke The counter-electromotive-force constant of a motor and 
omega are the angular velocity of a motor, and omegaa. The angular acceleration of a motor is 
shown. 

[0029] At this control system, it is the current instruction value Ir. It considers as an input signal, 
the actual-current value i which actually flows on the motor which is a controlled system is fed 
back to this, both differential value, proportionality value, and integration value of a difference 
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of a signal are added, and the current control value E is acquired. And the motor which is a 
controlled system is driven with this current control value. 

[0030] However, in the conventional feedback control system, there is a possibility of losing the 
stability of a system to change of change of battery voltage, a temperature change, etc. 
[0031] Then, in this invention, by constituting from a robust control system which replaces a 
control section 30 with the above-mentioned conventional feedback control system, and shows it 
to drawing 5 , the response characteristic of a control system is maintained and change elements, 
such as change of battery voltage and a temperature change, secured the stability of a system 
also for ******. 

[0032] Drawing 5 is the block diagram having shown the composition of a robust control system 
by the transfer function. 50 shows the motor which is a controlled system and is s about the 
inductance L, the internal resistance R of a motor, and the Laplacian operator of a motor. A 
motor element is expressed with l/(Ls+R) when it carries out. 

[0033] 51 is the current instruction value Ir. (s) Receiving motor current value Id (s) It is a 
feedforward compensator for defining a response characteristic. It is Ln here. The design value of 
the inductance of a motor, and Rn The design value of the internal resistance of a motor, and T2 
A time constant and s It is the Laplacian operator. 

[0034] 52 — output [ of the feedforward compensator 51 ] r (s) Output da of the adder 56 which it 
****** with the adder adding the output of the filter 57 mentioned later, and is mentioned later 
(s) pass a filter 57 — it feeds back to an adder 52 — having — controller output r (s) It is added. A 
changed part which a controlled system 50 has by this, and a changed part of the 
counter-electromotive force generated by rotation of a motor are compensated. 
[0035] The counter-electromotive force Ke omega which is an addition element and is generated 
by rotation of a motor in the input side of a controlled system is added to the output of an adder 
52, and 53 is the motor current value Id. (s) Appearing is shown and it is the motor current value 
Id. (s) The appearing influence of counter-electromotive force Ke omega is shown in equivalence. 
It is Ke here. The counter-electromotive-force constant of a motor and omega show the angular 
velocity of a motor. The output of the addition element 53 is the current control value E which 
specifies the current supplied to a motor. 

[0036] 55 is the circuit element which shows the reverse property of the motor property for which 
it wishes, is adopting and designing the mathematical model of the electrical property except the 
term of counter-electromotive force from the purpose which prevents the influence of the 
counter-electromotive force of a motor in this example, and is Ln and Rn. They are the design 
value of the inductance of a motor, the design value of the internal resistance of a motor, and s, 
respectively. It is the Laplacian operator. 

[0037] 56 is an adder and calculates the difference of the output of circuit element 55, and the 
output of an adder 52, i.e., the difference of the motor control property in controller output 
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criteria for which it wishes, and the actual control characteristic. The output da of an adder 56 

(s) is expressed with the following formulas (1). 

[0038] 

[Equation 1] 

/ts +R \ 
d a(s) « (La $ +R n)« Id (s) — f - Id Cs) + Ke o>\ 



/ L R \ 

(Ld +-) s + (Rn )] 

\ K K / 



• Id GO -Ke (o 
(1) 



[0039] A formula (1) shows that the output da of an adder 56 (s) is the sum of the changed part 
and counter-electromotive force of a controlled system. Here, L and R are the inductance of the 
motor of a controlled system, the internal resistance of a motor, Ln, and Rn, respectively. They 
are the design value of the inductance of a motor, the design value of the internal resistance of a 
motor, and s, respectively. Counter-electromotive force and K of the Laplacian operator and Ke 
omega are constants. 

[0040] 57 is the filter which stabilizes operation of the control system which feeds back the 
output da of an adder 56 (s), and the property is Q (s). It is expressed. Filter shape Q [ in / 
drawing 5 / the primary low pass filter is used in this example, and ] (s) =l/(Tls+l) is filter shape 
Q (s) expressed with the transfer function. An example is shown. Here, it is Tl. A time constant 
and s It is the Laplacian operator. 

[0041] Property Q (s) By feeding back the output of the filter 57 which it has, it is constituted so 
that it may suppress with change and counter-electromotive force of a controlled system and may 
be made in agreement with the property of the defined mathematical model. Hereafter, this is 
explained. 

[0042] When the output of a filter 57 is fed back, it is the motor current value Id. (s) It is 

expressed with the following formulas (2). 

[0043] 

[Equation 2] 

Pn (s) (t + Ms)) , % Pn (s) (1-Q0b))Q+ A(s)) 

Id Cs) - — - — r (s) + — — *Kc <i> 

1+Q00 A(s) 1+Q(a) A(s) 



(2) 



[0044] Pn in a formula (2) (s) It is the mathematical model of a motor property. Moreover, delta 
(s) is defined by the following formulas (3). here ~ delta (s) the difference of a mathematical 
model and an actual property — multiplication ~ it is a part for the perturbation when expressing 
using the-like perturbation model 
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[0045] 
[Equation 3] 

1* R 
— * + — 
K K 

\ • ■ • (3) 



[0046] Property [ of a filter ] Q (s) In approximation, in the case of 1, it can express with the 
following approximations (4) and a formula (2) is the motor current value Id. (s) It can ask. 
[0047] 

[Equation 4] 

ld(s)~Pn(s) r(s)% ^ r (a) (4) 

Ln s +Rn 

[0048] Output [ of a feedforward compensator ] r (s) Current instruction value Ir (s) Property 
(Lns+Rn)/(T2s+l) of a feedforward compensator can be expressed with the formula (5) of the 
following which carried out multiplication. Here, it is T2. A time constant and s It is the 
Laplacian operator. 
[0049] 

[Equation 5] 



f Ln s + Rn \ 

[0050] Therefore, motor current value Id (s) The shown aforementioned approximation (4) is r (s) 
of an approximation (4). It can express with the following formulas (6) by substituting a formula 
(5). motor current value Id (s) the shown approximation (6) — property Q (s) Cut off frequency 1 / 
2 pi-T 2 of the filter which it has ****** — it is materialized 
[0051] 

[Equation 6] 

/Ln s +Rn\ / 1 \ 1 
\TZ S 4-1 y\LQ8+Rn/ T2 a +1 

(6) 

[0052] on the other hand — multiplication ~ there is a minimum gain theorem shown in the 
following formulas (7) as sufficient condition for the control system which receives the-like 
perturbation being stable 
[0053] 

[Equation 7] 
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|T(s) *A(s) j<l 



(7) 



[0054] Here, it is T (s). In a complementary sensitivity function, i.e., drawing 5 , when a 
controlled system and its mathematical model are in agreement, they are Ln =L, Rn =R, and the 
transfer characteristics at the time of K= 1. this example — T (s) =Q (s) it is — since — the 
following formulas (8) are satisfied — as — property Q (s) Time constant Tl of the filter 57 which 
it has It determines. 
[0055] 

[Equation 8] 



[0056] delta defined by the above-mentioned formula (3) by this example in consideration of the 
range of fluctuation of the inductance L of the motor expected, internal resistance R, and a 
constant K (s) It is property Q (s) so that the range may be defined and the above-mentioned 
formula (8) may be filled in all the ranges of delta (s). Time constant Tl of the filter 57 which it 
has Robust stability is securable if it sets. 

[0057] The control system which is shown in drawing 5 according to the above examination is 
property [ of a filter 57 ] Q (s). With a cut off frequency [ below ] (1 / 2 pi-T 2), it can express with 
the equivalent block diagram further shown in (a) of drawing 6 , as shown in the equivalent 
block diagram further shown in (b) of drawing 6 , it can simplify, and it can express. That is, the 
reverse property of a mathematical model is given to the molecule of the property formula of the 
feedforward compensator 51 of drawing 5 , and it is the time constant Tl of the aforementioned 
filter to a denominator. Large time constant T2 By giving, it is a time constant T2. The response 
characteristic defined is realizable. 

[0058] Moreover, change by the counter-electromotive force generated by rotation of a motor is 
compensated by constituting a control system as mentioned above. 

[0059] As drawing 6 showed the speed of responsibility, it is property Q (s). Time constant Tl of a 
filter Large time constant T2 It can set up in the arbitrary ranges to define and practically 
sufficient response characteristic can be realized. 

[0060] Furthermore, unlike the conventional current feedback control system, it is [ as opposed 
to / battery voltage, resistance between motor terminals, and change of motor torque / as the 
formula (2) showed ] property Q (s). The cut off frequency of a filter has the important advantage 
that safety is also securable as a design performance is maintained and the formula (6) showed. 
[0061] Next, detection of failure of the drive system of electric power-steering equipment is 
explained. If neither the influence of counter-electromotive force nor change of a controlled 
system is fully previously compensated as explained in Object of the Invention, it is the motor 
current instruction value Ir. A difference with the actual-current value i of a motor becomes 



[QCs) *A(*) l<l 



(8) 
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large. 

[0062] For this reason, it is the motor current instruction value Ir simply. When the 
actual-current value i of a motor is compared and the difference exceeds the set point, although 
the drive system is operating normally, by having judged that failure occurred in the drive 
system, there is a possibility of making an incorrect intermediary judgment to it being 
generating of failure. 

[0063] Then, in this invention, failure of a drive system is detected by the method explained 
below to the robust control system explained previously. It can calculate the estimate led of 
current (s) which therefore flows on a motor, and (motor current estimate being told hereafter) to 
the following formulas (9) since motor current is controlled to be expressed to a formula (6) that 
it explained previously therefore when the drive system is not out of order. When a drive system 
breaks down, a formula (6) stops materializing. 
[0064] 

[Equation 9] 

Ied(s) = Ir (s) • • (9) 

T2 s +1 

[0065] And as shown in the following formulas (10), when the absolute value of the difference e of 
the motor current estimate led (s) and the motor current value Id (s) exceeded the set point ER 
set up beforehand, it was made to judge that failure occurred in the drive system. 
[0066] 

[Equation 10] 

e-l Ied(s) -Id(s) | * * (10) 

[0067] The composition of the failure Monitoring Department is explained with reference to 
drawing 5 . The computing element 61 with which set to drawing 5 , and the failure Monitoring 
Department 60 calculates and presumes motor current estimate led (s) to be, Consisting of 
comparators 62, a computing element 61 is the motor current instruction value Ir. (s) It is based, 
and motor current estimate led (s) is calculated and presumed. When a comparator 62 compares 
the motor current estimate led (s) and the motor current value Id (s) which were presumed and 
the difference e exceeds the predetermined allowed value ER, the error signal which shows that 
failure occurred is outputted to a drive system. 

[0068] The motor current estimate led (s) is the same as motor current estimate in case the drive 
system calculated by the aforementioned approximation (9) is in a normal state as described 
above, and the actual-current value i which detected the actual current which flows on a motor 
by the motor current detector 42 (refer to drawing 2 ) is specifically used for the motor current 
value Id (s) and a (actual-current value). 
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[0069] Drawing 7 is a flow chart explaining surveillance operation of the failure Monitoring 
Department 60 performed by CPU of a control section 30. In addition, surveillance operation 
explained below extracts a sampled value repeatedly at intervals of a predetermined time, and 
processing of an operation, judgment, etc. is performed. 

[0070] First, motor current instruction value Ir from the current instruction value computing 
element 22 (refer to drawing 2 ) Motor current instruction value Ir read and (Step PI) read It is 
based and the motor current estimate led is calculated (Step P2). Next, the motor current 
detector 42 (refer to drawing 2 ) detects the motor actual-current value i (Step P3). 
[0071] It judges whether the absolute value e of the difference of the motor current estimate led 
and the motor actual-current value i is over the predetermined allowed value ER (Step P4), and 
a counter is reset when it is not over the allowed value (step P5). Moreover, when it is over the 
allowed value, only 1 increments a counter (Step P6). 

[0072] When the counted value of a counter judges whether it is over the default value set up 
beforehand (Step P7) and is not over default value, it judges that it is normal and returns to 
main routine. Moreover, when it is over default value, the shift preparations to the failure 
manipulation routine which judges it as generating of failure, sets a failure flag as 1, and an 
alarm display and others do not illustrate are made (Step P8), and it returns to main routine. 
[0073] In addition, the default value used for the judgment of the counted value of the 
above-mentioned counter It is a value for carrying out counting of the number of times judged as 
the absolute value of the difference of the above-mentioned motor current estimate led and the 
above-mentioned motor actual-current value i having exceeded the allowed value, and judging 
generating of failure. When the number of times which carried out counting exceeds multiple 
times, for example, 10 times, an experiment shall determine suitably with the value forjudging 
it as generating of failure. 

[0074] Since according to the failure Monitoring Department which explained above a robust 
control system compensates change of the counter-electromotive force and the controlled system 
which are generated on a motor in case the motor current estimate led is compared with the 
motor actual-current value i, although a bird clapper does not have unusually the difference of 
motor current estimate and a motor actual-current value greatly and the drive system is 
operating normally, there is no possibility of making an incorrect intermediary judgment to it 
being generating of failure. 

[0075] In addition, with the gestalt of the above-mentioned implementation, although the 
transfer function has shown the component of a control section, if concrete circuitry is circuit 
element with the property shown by the transfer function, proper circuit element can be used for 
it. 

[0076] 

[Effect of the Invention] As explained above the control unit of the electric power-steering 
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equipment of this invention It is based on the current instruction value inputted into a control 
system, and the motor current value which is an output. The difference of the motor control 
property (design property of a motor) in controller output criteria for which it wishes, and an 
actual motor control property is calculated, the difference — an amendment, even if it changes 
property constants, such as a torque constant of the resistance between terminals of battery 
voltage or a motor, and a motor, according to the cause of change and others of the environment 
of temperature and others, since it feeds back like The motor control property for which it wishes 
can be maintained, and the stability of a control system is not lost. 

[0077] And since a robust control system compensates change of the counter-electromotive force 
and the controlled system which are generated on a motor in case the estimate of motor current 
and the actual-current value of a motor which were calculated according to an operation are 
compared at the failure Monitoring Department A bird clapper does not have unusually the 
difference of motor current estimate and a motor actual-current value greatly, although the 
drive system is operating normally, a possibility of making an incorrect intermediary judgment 
to it being generating of failure disappears, and the operating state of a drive system can always 
be supervised correctly. 

[Brief Description of the Drawings] 

[Drawing 1] Drawing explaining the outline of the composition of electromotive power-steering 
equipment. 

[Drawing 2] The block diagram of the electronic control circuit of this invention. 
[Drawing 3] The block diagram showing an example of the composition of a motorised circuit. 
[Drawing 4] The block diagram having shown the conventional current feedback control system 
by the transfer function. 

[Drawing 5] The block diagram having shown the composition of the control system of this 
invention by the transfer function. 

[Drawing 6] The block diagram having shown the equal circuit of the control system of this 
invention by the transfer function. 

[Drawing 7] The flow chart explaining surveillance operation of the failure Monitoring 
Department performed by the control section. 

[Drawing 8] Drawing explaining the relation between a motor current instruction value and a 
motor actual-current value to the rotational speed of a motor in the control unit of conventional 
electric power-steering equipment. 
[Description of Notations] 
3 Torque Sensor 

10 Motor 

11 Ignition Key 
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12 Vehicle Speed Sensor 

13 Electronic Control Circuit 

21 Phase Compensator 

22 Current Instruction Value Computing Element 
30 Control Section 

41 Motorised Circuit 

42 Motor Current Detector 

50 Controlled System (Motor) 

51 Feedforward Compensator 

52 Adder 

53 Addition Element 

55 Motor Reverse Property Circuit Element 

56 Adder 

57 Filter 

60 Failure Monitoring Department 

61 Computing Element 

62 Comparator 
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[Drawing 2] 
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[Drawing 1] 




17/20 



IDS 2002-234457 



fDrawing 3] 




42 

i 



r 



fDrawing 4] 



Of 



torn 




31 



✓29a 


r 2 *! 




K 




1 


i 


1 






La+R 









T 

29 



18/20 



IDS 2002-234457 



fDrawing 5] 



51 

< 



hi 

< 



Ir(e) 
1 



Lns + Rn 
T2s+1 



KeCU 



53 



Ka)T- 



56 



50 

1 



_1 

Ls + R 



55 

1_ 



J 7 



1 



Tls+1 



1 




T2s+1 





52 




n 



60 



ld( B ) 



m 



TDrawing 6] 



Ca> 



Ln»+R 




1 


T2*+1 




Lna+R 




<b> 






1 






T2*+1 





19/20 



IDS 2002-234457 



[Drawing 7] 



pi 



i 



iP2 

ZD 



H jP3 




I * 1P6 



— jL»m ■ 

1 



P8 



CUED 



20/20 



(l9)B*B4*tW (JP) 02) & §f| ^ tft ^ ^ (A) 



4f 512002-234457 
(P2002 -234457A) 

(43)&8BB ¥^14^8 £20B (2002.8.20) 



(51) IntCl. 7 
B 6 2 D 6/00 
5/04 

// B6 2D 101:00 
119:00 



F I 

B6 2D 6/00 
5/04 
101: 00 
119:00 



f-73-r(##) 

3D0 3 2 
3D0 3 3 



m&m* »*^©»2 OL (£10H) 





#82001 -34053( P2001 -34053) 


(71) ffig A 


000004204 














¥f£13¥2E9H(2001.2.9) 












SP fit 










»S»M«*Jft^Br78#ffi 


















(72)5891^ 












»H»Hffi*ja^BI78»« 


















(74)f$SA 


100092299 























(54) 



(57) iwmi 

SS^ffilr (s) »i7^-H7*V-K««S5 1CA 

id(sm*-?^;atf&4niir (s) cs-^vtm^st 

<SId(s)S:*-^«SEitt^fflI ed(s) i:U ^-?m8S£ 
mfemi ed(s)i:*-^mffiffild(s) (USSSffii ) t 



a- 



3 
e 





tr 




c 

+ 




+ 

-J 




m 

5 



0 



s 









+ 




u 








I- 



■ 

J 



!(2) 002-234457 (P2 0O2-23JL8 



* aj* <omii a ware* * =e - * minm £ « jit s 

SSffifc o£C£^Tf8i!J^ft&£&»^&i£m¥R 

[ns* 2 ] mriEiaa^sti . m%z tut*- 9 mm. 
m^v-xfr y yymmnfflwmm.. 

[0001] 
[00 02] 

[«^«»] mmmcomi^-XTT^yymm 

[ 0 0 0 3 1 BP*>, ^{Sj^y KyWfli 

9 \&n <r>fflwammx't> & fwsim^mmn. l . 

[0004] 

[S&BJ^j^LJ^fc-f.sffjg] L*»L5r^. _tfSL 



[0005] BP*>. S8tc^-f J; 3 fc, nare-*fcS 

ixi.siiKieui : E-^<oiin6i«fcjst3tj!fiefi^* { 

[0006] ^e-^mffi^tt I r lij&fe WW? 
mSSti^-M Irtt-^ OXTOtt i t < & 

^-fiznftvssiwmix^&t&oxmiLxL 

[0007] iti. A' 7 f'JtE, *-^c0!Rftt^C*< 
£»rt6 b . SMSmttA^LT^-^ffiStfi^ffi I r 

[0008] *5ffiBt±, IMlLfcTM&Z&m-t&Zk 
[0009] 

m z mn? & * - ? mmm^mmn^ t . fne*-^ 
n%m$mizm'3\->x : e-?9,%.cr>mzmzm»i-2> : e 

m t comzmn ^xmmnkeoim£ma-f& &m*&b 
zmitzz b zmib -thwrn'tv-XTT v y-rmw. 

[ o o i o ] *lx. msstm^mt. m&xixtt- 

feztit:mfe<7)fr%mt:mz.x^&b*. mm%e>tm 
bm^h%£mm:hh. 

[001 1] 

{%.wcomm<mB] ixr. z <r>w&rmwrmmz^ 
^xmrntz. mm. zomizmm-zizmLtm 
mw-xr-Tv yrmm<?>mi&<7>im$:ffl*ji-t$>m 
x\ ^isi>'N>'H;noffl2{iMj$^ r r4, jL-y\-— t/p 

^' 3 -Yyh5a. 5b. V-*y?V?im7$:mX& 
fammCOf 4 ny F8lZ£-&ZtlX^&. M 2 tZimfo 

(t^TfcO. W^jSr«S!r^S*-^10*^ 
5-yf-9, «3E^T4^LT«tt2tlS-&frv^. 
[0012] A'7-Xf7'J y^Slg«rSiJ»-ri.«^$iI 



!(3) 002-234457 (P2002-23JL8 



WEISS 1 3{±. A-yx'J 1 At^y- v^B 1 

?*y<r3x'tfi}ii2ixtimmbju?kmm-*:yin 2x- 

u mnzt\A:*:-i5>w.m%^m (jar. tattHWfc 
v>a ) ir izm-i^z*-? i otctt^^«st$iw<i 

E£$Wtl>.> 

[00 13] fyVhMtmTfflWmS&l 3l,zj:*)®m 

zti&. t^v+v \m%cr>mmmvi,m-0: ix a 

1 0 0 1 4 ] 02 ti, «-?^JfflHaJg& l 3 cd8£jS;£^ t)t 

-y ^ ia-c j, s . z <nmmMx'it^®w®8& 1 3 » 

£.tLXCPm>L>ffil&,Ztl&&^ Z ZTli*V)C P U 

lx oimmm$s 2 1 zm- 1 ^-eas: < . cputu 

[0015] JSlT. STfflttliMl 1 30tttt£Hrfe*K 
FA-?*>-^3:&^A#Sil*Jg/teh/^<i-^ 
«i, 2 1 T«j}6^<0^S:iS**Jt»fcffiffl 

mm-tyv 12 T-^aj $ n/ssa t ^sss^-ffisurs 2 
[0016] wamitwsm»22ii, xuztifz b/i> 
wyx-fizm-i^x mfewms&xz «t o^-* 1 0 
arts. 

[0017] 30 umnrc. vkhmhi 1 r £A7j« 
tcssax-ssgmsstM: i upt-fwa&Ht* 1 r & 

JzdlzVMy 4-Frt'v?Mffl£?rix^tiW. zco¥t 
WmV3 OJion'x hMff&ft LT 

v ^ . ztiiz-o^x mkx-mm cbwh- *> i t jet s . 
[ 0 0 1 8 ] mmM3 ofrt>&jjztx&mm\fflmE.it 
; e-^gg»itgK4 ltegaasfu 1 ozwm-t 

1 OcOSimSil i tt^-*«a£«WiJIIIK4 2 
IZiL OtftSBSfU #J8!g33 0 !C7 4 - KM y ? . 
[0019] ®3tC^-^fgi6IaIgS4 1 <Ott)£tf)-0!|£ 
Tfrr. : 6-^IKS)lH]K4 l{±$iJtaig53 0*^A*§^ 
maE01W€E£PWMflf- (^^WX^Pft^-) fc«SS 
#ffl«-f-fcfc#Ka^*S3ft»4 4, FET1 ~FE 
T4 . Rtfm^y-FSrBHBJIHW-aFETy-F 



rabPin4 59^4r«. &fc, #EmiI4 6ti:FET 
1 , FET2 WWt-f F«*«*i-£«iT**. 
[0020] PWMlfli H T - U 7 J/JftRSn^ F E 
T (H^mh^y^X^) -yf-y^^FETl 
-FET2 <oy-h*«W-tfi^T, «W»3 0fcUS 

(Ofi- f-f Jt (FETWy-h&ON/OFF-T&Bf 

nut) a^sn*. 

[0021] *8fcw>m*tt» ^-^fc^-r smss<o 

[0 0 22] FET1 i: FET2 iilftiaUiPWMfg-^ 
WTO.— f A JtfcS-^V^T y- h*«0 N/O F F 

(as-r&?t«>cox-Y "j^-yywpx'hh. ttz. fet3 

i: FET4 {itJf2t^m^l*Ifi^^V^Ty-h*>' 
ON^V>«OFF$il§ (-jf&ONCom. ffi*iiOF 

Ft 5:5) x-Y •yf-v^^T'. t-^t:gsatsiga[<50 

m=FX'h&. 

[0023] FET3 *%ItStt§!:ia. 
FET1 , FET3 . ffiitRl *|ST« 

/I, ^-^ 1 0{ClE*(6l<O«sK*icms. St^, FET 
4 ^fii^fcASt^fi, mS<±FET2 , ^-^1 
0, FET4 » mCR2 *®.X%Ltl. =E~? 1 0(=A* 

[0024] <-^*SMfttl{|g»4 2(i, fittRl OS 

MWM i <i»/ffli^3 Olzy-t- K A. 7 ^ LTAtjS^I. 
(02#^) . 

[0025] it&mwwwt. mtv\y f 
)wtmztiximbn-7wmLLx^$>b%iz. «aj 

tfj 8 tozWi b)V9 < , i t z m^ $ ix^»3$*^ 
V**6l4*aHIH»* I r $r/h$<a^-ri>*^. 

[0026] d CO^H^tfO®IffllgP 3 0 iZ-O^XfflW 

wi&3 0fco®mm,*m-z>. 

[0027] S4tit«!*Wy -f - KA-y ^Slffll^cT)^ 

Sreawscx-^ Lfcrn^y ^ mx'b^x . 2 3 tsitis 

£, 2 4ti«^Wf^ ( KDs) . 2 5lilt0®# (K P 
) , 2 6t2«#H3i (Kt /s ) , 2 7tijDg:lsSr^ 
F/N'-y ^0JWS?3 0 f (iUJLt<OlilSSS§g(c± 

UTfcO, 2 9 aliJtfllJSR ( K ) , 2 9b|Jt-^g 



J 



!(4) 002-234457 (P2 00 2-2 3JL8 



it, sli7y'yXmM^-X\ l/(Ls + R) T'^-^ 
[0 0 28] 04-C'ti, SP^Is2 8Sr^L.T$iJffll 

mzmitzi>cr>x\ ^-fnmmzx vwt&.-thw&n 

fe. Ke {«-**>»jB*&}9R. 6ot±^-^Wftj$ 
C 0 0 2 9 ] COMWJRTtt. Vaffltttt I r £A:fifI 

warn it7<-H^?u. letoiiwfi^osta 

[0 0 30] U>>L&**<o. mkcr>7 l-WvfWM 

[0031] zzx\ zowsmt, mw&3 o&, ± 

[ 0 0 3 2 ] H5<i, D^'X Ntm*afltl*&£3iHR 
T** L 7*0 >y 7 HT'*> S . 5 0 li!Wffli#f#re* I. ^ - 

<il/ (Ls +R) X'$iXtl&. 
[00 33] 5 1ti«a^ffilr (s) (Citf**-;? 
Id (s) OJE^Wftt$rfeSS-tl.JtJ6<7)7^-b'7 

d a(s) = (Ln s +R n). Id (s) 



(« 



*v--Vmm2sX'&&. ZZX'Ln \$^—?<F>A 

f> yxoisitffl, Rn ii*-?wfiMit?>t&ftffi, T 

[0034] 5 2{i7-f-H7*'7-H1iffiS§5 lOUti 

^jr(s) tm$&hy a fr? si ^ft-htztm-fhu 

*SsT'£>OT, f^-r&jDS^|5 6C0ai*da (s) i)<7 

■i)V9 5i imxnn^ 52^7 <- fa* ?%tix. 
Q<r>\>^mftt^-9<r>mm,z j: 

[0035] 5 3ttflnJ08RT'. 
-^<OEBEfcA«)«4f*a6iB«*Ke «**;&llg»5 2 

^Mztm^tix^-^n^Mn (s) (cssixsifc 

^-^mSffild (s) {C3SiX«.jffiS«*Ke <u 

WMEx-hh. 

[0036] 5 5\mm^&^-9W&<m&&*7kt 

T/l'Sr^fflLTIftitL-CfcO, Ln , Rn 
-^cMV^^XCDi&fHI, *-?tfOl*lgB£t)t<?>t£ 

[0037] 56 fiflngSsT, 5 5 Otftfj fc JD 

»S5 2^aj*ton. ap*>, #j»mftg*£fctt& 
#m-t & * - * fwumtt ^o0]«*m<7)i£S: &ir-t 

( 1 ) X*&2tl&. 
[0038] 
[»1] 
Ls +R 

• Id (s) +Ke <i>; 



K 



- (Ln +— ) s + (Rn 
K 



R , 

— ) J • I d Cs) -Ke a) 
K 



<1) 



[0039]*Ul)<k9. ft««5 60tB:&da<s)Ii 
1H«^»8W* i: &S« A WBTC* & i k ***** & . 

[00403 5 7i4JwJIW5 6<oaj*da<s>t7-f--H 

(s) - 1/ (Tis+ 1 ) figJW88rc*$iifc7-f /i- 



^^H4Q(s) cOH^JSr^LTV^. <IJ1T\ Tl li^jg 
[0 04 11 WttQ(s) S:fc07>f^5 7^aj*S:7 

^-^It«ffl I d (s) iiOT^ ( 2 ) -cas^i 

[00433 
[&2] 




'.(5) 002-234457 (P2002-23JL8 



Pn (s) Cl + A(s)) Pn (s) (1-Q(s))(l+ A(s)) 
I d (s) = ; — — r (s) + - • Ke co 



1 + QGO A(s) 



1+QCs) A(s) 



(2) 



[0044] ^ (2) fcrfctt*. Pn (s) tt^-^^ftt 
COgj&^TJl'Tfoh. ±tz. Ate) 14. OT<05fc (3) 

T%mzti&. zzx\ a(s) {m^^rfvtm^m 



[0045] 
[»3] 



A(s) - 



L 
K 



R 

s H 

K 



Ln s -l-Rn 



-1 



(3) 



[0 0 4 6] 7"f/L4'«>ttttQ<s) sWfiiHttfc 1 
tt, * ( 2 ) !4BlT«fi«5ft ( 4 ) -e**)i-i 



[0047 3 
[R4] 



Id (s) %Pn (s) r(s) = 



1 



Ln s + Rn 



r(s) 



(4) 



[0048] 7-f-H7*V-H««»<0liJ*r(s) 

*«8£4H8Ir (s) fc7-f-H7*7-K*MiakO [0049] 
J^tt(Lns+Rn ) / (T2b+ 1 ) *JH»LfcOT^3Jt [»5] 
(5) ?&tZbWX'Z&. ZZX\ T2 ii^jgR. s 

(Ln s +Rn \ 

— — Ir (8) (5) 
T2 s +1 / 

[00 50] ftot, *-*«SMId (s) Sr^-Tmiia <s) t»07^f^*7 h^7JS«l/27r • T2 

(4) 14. (4) Or(s) IZjZ (5) £tt £Tl4j£3rr&<> 

A^CltCiOOT^ (6) -C*t£fc**CS4. [0051] 

^-^mSSfild (s) tS^-JfilH* (6) (4. WttQ [*6] 

/Ln s + Rn\ / 1 \ r , x 1 . r . 

t d r & \ ^ ] [ ) I r (a) = — I r (s) 

W "\TZs+l yVLns+Rn/ T2 s +1 

(6) 

[0052] -3k sesi««i*wtsii»3R^jrc [ o o 5 3 ] 

LT . KIT*** ( 7 ) lZ7FCt»>W [SSC7 ] 

I TCs) • ACs) I <1 (7) 

[00 54] ZZX\ T(s) imWitMLbtrtB&'tT (8) Wffifct&X 0 fc^FttQ(s) ^^r>VA)V9 

WCLn =L. Rn = R. K= 1 c7)t ScOt^Hrtt^ft [00 5 5] 

h. znnmMX'i*. T( s ) =q(s) xhh<nx\ [Scs] 

I Q(s) • ACs) | <1 <8) 

[00 56] Z&mS&mX'li. ^m£tlZ>*:~f0)4> 7>(W5 7WHttQ(s) <T>i}v YJS7Wi&WXT ( 1 

r^yXL, MBSSiR, &tf}»KOS»«*#*: /2tt - T2 ) T&ixlf. JKcB6fl> (a) toj^TSfti 

LT±I£^ ( 3 ) T5g»$ix6 A(s) <0«H*j&b. A ^n7?Ht*tutm, WcH6tf> ( b ) 

<s)<0£ffiffltc33Vvt±i25K (8) *««fcS*i*J:ote m&?vV?mcO& : 51 l ZffiVMtLXmtZbffTZ&. 

«rttQ(s) *!^:7>r;l^5 7^i$5@ftTl £5£tfxfx BP^. I25C07 ^-H:?*?— F*MR&5 lcO^tt^O 

If, n^*^h^ttSriS«^^t^"CS E &. ttlz^^rtWMIfflt&^z. . ftMlzmtZ? 4 W 

[00 57] JsUiOtmfcJixHr. H5te*HW»*»i «»*5eRTl J:0t*6^«r5aftT2 Sr^iiikfcJ: 



•'(6) 002-234457 (P2002-23JL8 



[ 0 0 5 8 ] ft . iJLb^J: 3 »Jffll^£f?fj£-f & i t 
[0059] l&g&O&iUZ'OWXli. 06-C*Ufci 

[0 0 60] Hfc, fi£*<7)«»S7^-H>'<./^$i|^t 
(iHSr 1 ). jU2) t-^Uci^tCA'-yf USE. 

U JLOjS; ( 6 ) T*t^J: dt^ttt,«tftT# Si: 

[ o o 6 1 ] ras^v-xfT'J -y?mw.<nwm 

1 

Ied(s) = Ir (s) • 

T2 s +1 

[ 0 0 6 5 ] -e LT. £IT*« (io) TSjcfJ: o fc. 
*-9W3S&&m I ed(s) t ^r-^mSfi I dfe) i <0H 

e= | I ed(s) - I d(s) | 

[ o o 6 7 ] 05 *mLLxim<ffi&&<mmzmty-r 
h. @5^fcv>TteK^ii^6 0{i^-^ms«ifeffli 
e<Ks)*mM ■ imt&im&6 i t. mme 2 1& 

bm&Ztl. ffi$L$s6 1 (i^-^SMit^-ffi I r (s) iz 

m^x*-fn%Limmi ed&zmm ■ j&eu it 

mSSii I d(s) i: £ jtlfcU -e^He *%^n=WttE R 

[0 0 68] ^-^gtttSgffil ed(s)Ji«^Ujttfe 

SflBld(s) (HSogffl) te„ JM(c»teli*-*teSfift 
^«aE* : E-^«oiE^itJlHlSS4 2 <H2#fS) KJ: 9& 

[00 6 9] l27fcL fflW&3 0COCPUZ'm?fZixZ> 

ukTmttit&mmt. m^mmmx- 
mMLij-yy/umztinHLzim ■ mw&rmmwm 

[0070] t-r. wm»^msm»2 2 m2*m 

*-^mS[^aJI3fS4 2 (02#H) ££9^-* 



[0062] m&^-fWfiSft^m I r i: 

[00 6 3] *£T. i^>«WCtt, jfcfcifcBJlU:ny< 

x hsijup^fc^f lt , aTizmi-tzumz x o w& 

$feCiKBJLJt J: 5 fc^C ( 6 ) (:J:-5Ta*)StiS J: 5 
fc. *-*m«^JfB2*iSw:\ OTtf)* (9) fcj: 

oT*-*fcwi**sc5*jg«i ed(s) (jiiT, *- 

* { jRREL-7tfc#li. 5e <6) (±«±U^<=3:S. 
[0064] 
[&9] 

(9) 



tmtffi£. L/c i: WBrT S J; 3 tc Uc . 

[0066] 

im o] 

(10) 

[0071] ^-^rn^it^® i edtt-rmmtiim i 

yh-ts (^f--/rP6) . 

10 07 2) #vy?co$<yybmtf : ft?>IS.iZlt:Mfe 

P8) , i/l^-f-ytzMS . 
[0 0 73] =3r*5. ±iZLtz*'Jy?CD*!Vybmcr)W 

mzmmzti&mfemii. ±RLiz*-*wsiti&Li 
itzt%w$<nm.tnm-&tz)ih<rmx\ mm^x o 

[0074] CUJM Lfc*WBBlB»fc Ifttf. t-^ 
«tt)H I edt^-^nmoStt i k frttHM-ilfcfc:, 

nxx bmfflm^-fizmL-t&i&g&fttizvuffl 



'•(7) 002-234457 (P20 0 2-23JL8 



mmmmt <nm<mmzjz£ < & & c t tm < . mm& 

C 0 0 7 5 ] =5r*5 . JJBOKO^BTtt. MffittKvM |ft 
B*fceWW-ejj*LT**a«. JMm&BMMtli. 

[0076] 

h t&-nx't>h^-9 nmmzmrs\ \x . m 
i&commiziK>$tmixi>. *sM-**-*M#»tt* 

[0 0 7 7] *LT, WttflSWfcfcVvC, 

t3£x/mwtt%.com)}t:mmi-z><?)x\ *-?v8&.m%. 
m t * - 9 mm.rn.rn t nmmmz*;* <%&zbnm 

£.X'hZ>bWfrXVMLXL£o}5*titf%<%r). ® 

ttmizm^m&mz'imth z twx-% & . 

[0®<9fS#&l8HJ3] 

[0 1 ] mSb^^V-Xr-T U xrgS<9flij£tf>8[B&S: 

[02] c: cominwf-ftmmwoy'v v?m. 

[03] ^-^ffiiftmS&tfO^co— fi^Sr^-ya-y^ 



[04 ] ^*tfomgs7 < - v^-v rvm&imtmBcv 

[05] iO«BHtf3«fl!*OflWi*fiRaflHfc-C*Lfcy 
a>y^0. 

[ 0 6 ] £ <^SoMtt jft<o$MB|tt * ffi&mmxtrs L 

£7ny?0. 

[07 ] IWgp-cUff SftSteP*iftggfcoit^#£Si 

[08 ] fBfcOlDj^y-^TT U y^M(7)$i]ffllgS 

[Af^OSt?!] 

3 h/P?-fe>"tf- 

I 0 ? 

II 4 /- -y >- g ^3— 

1 2 «I-fc ^ 

i 3 te^mmm 

2 l 

22 
30 

4 1 

4 2 
50 

5 1 
52 
53 

5 5 
56 
57 
60 

6 1 
62 



mm 

74)V9 
itfiEfS 



[02] 



[08] 



3 


1 


21 


s 


1 


S 



















12 



1 



22 



T 



Ir 



30 

1/ 



* i | 



41 
1 



Wtt&ltt 



r 



42 



j 




13 



<(8) 002-234457 (P200 2-2 3JL8 



an 




12 



1 



13 



sr 1 



0- 



8 




T 

14 



77T 



[03] 



46- 



*3S 



44 



KM 



PWM 



*3IE 



FET 



FET2 
FET3 





FET1 





FET4 



r 

R1 



J RZ 




rv 41 



42 



T 



i(9) 002-234457 (P2002-23JL8 



[04] 




1_ 



OJfl 

_1 ^ 



ASS • ftJMSS 



28 



30f 




[05] 



lr(s) 



51 

1 



Lns+Rn 



T2s + 1 



L 



52 

Ks) f- 




53 



56 



50 

L 



Ls + R 



=6^ 



da(s) 1 



55 

1 



Lns + Rn 



57 



Tts + 1 







1 




T2s+1 





62 



—60 



Id(o) 



[06] 
(o) 



Ln*+R 




1 


T2» + 1 




Lns+R 




(6) 






1 




»■ 


T2a+1 





(£ 0) )02-2 



1 ^-**stra<fr«i r 




3D032 CG8 DA15 DA23 DA64 DB11 
DC01 DCX)2 DC03 DD17 DD18 
EC23 

3D033 CA13 CA16 CA20 CA28 CA31 



